The link between export performance and exchange rate policy has been attracting attention from policymakers, academics, and practitioners for some time, particularly for emerging countries. It has been recently claimed that implementing a policy that devalues the currency in Vietnam is an important factor for enhancing its export performance. However, it is also argued that such a policy could result in the harmful consequence of exchange rate volatility. This study analyzes the link between exchange rate devaluation, volatility, and export performance. The analysis focuses on the manufacturing sector and 10 of its subsectors that were engaged in the export of goods between Vietnam and 26 key export partners during the 2000-2015 period. Potential factors that could affect this relationship, such as the global financial crisis, Vietnam's participation in the World Trade Organization, or even the export partners' geographic structures, are also accounted for in the model. The findings confirm that a strategy that depreciates Vietnam's currency appears to enhance manufacturing exports in the short run, whereas the resulting exchange rate volatility has clear negative effects in the long run. The impact of exchange rate volatility on manufacturing subsectors depends on two factors, namely, (i) the type of export and (ii) the export destination. Policy implications emerging from these conclusions are presented.
Introduction
The impact of exchange rate volatility on exports has generated a great degree of interest among policymakers, economists, and practitioners (exporters and importers in particular). The impact is playing an increasingly important role in many emerging Asian and South American countries, where exports are considered the engine in export-orientated growth models (Kandilov 2008) . It is widely believed that an increase in exchange rate volatility could have devastating effects on an economy and its trade, and such outcomes would be the most damaging in emerging nations, where capital markets are likely to be underdeveloped (Prasad et al. 2003) . In the context of an emerging market, a comprehensive understanding of the nature and magnitude of the nexus between exchange rate volatility and exports is of great importance to policymakers. Unfortunately, this crucial issue has been largely ignored.
In Vietnam, researchers have examined a variety of factors, such as foreign direct investment (Xuan and Xing 2008) , trade policy , and the impact of trade partnerships or agreements (Xiong 2017) , that have affected aggregated exports. examined the trade liberalization policy in Vietnam and its link to the level of export sophistication. The study's findings reveal that trade liberalization has had a stronger effect on the non-manufacturing sector than the manufacturing sector and that being a World Trade Organization (WTO) member does not have any impact on the level of export sophistication in Vietnam. In their analysis, Narayan and Nguyen (2016) used Vietnam as a case study to demonstrate how the variables in the gravity model are dependent on trading partners. Their results indicate that the country's trading activities are more sensitive to exchanges with rich nations than low-income ones. Also, the issue of Vietnam's currency depreciation (or devaluation, to use the more accurate term) has been the subject of debate in recent years. Some believe that although this strategy would enhance export performance, it would have the side effect of making exchange rates volatile, which, in turn, may be harmful to exports.
On balance, there are conflicting views in the literature on the relationship between exchange rate volatility and exports: empirical studies have produced mixed results due to differing methodologies, volatility measurements, and the types of data used. To the best of our knowledge, few of these studies have been conducted in the context of Vietnam, so policies may lack evidentiary support from academic studies. Our efforts here are an attempt to fill this gap. This paper aims to provide empirical evidence of the link between exchange rate devaluation, volatility, and export performance in Vietnam at disaggregated levels over a period of 16 years, from 2000 to 2015.
The contributions of this paper are as follows. First, a panel model was used to analyze the relationship between the two main variables of interest-the exchange rate volatility and exports, with a special focus on the manufacturing industry and its 10 subsectors. Details of the 10 subsectors, as well as 26 of Vietnam's key export partners, are shown in Tables A1 and A2 in the Appendix. These partners make up a significant share of Vietnam's export transactions compared with the rest of the world, and the manufacturing sector plays a substantial role in Vietnam's export structure. We argue that, in recent years, Vietnam has become a preferred destination for supply chain production for many multinational corporations (MNCs) due to the rise of China (Hooy et al. 2015) . Also, the country has become deeply involved in further international economic integration by joining multilateral free-trade agreements, such as the Regional Comprehensive Economic Partnership (RCEP). Second, we reexamined the effect of exchange rate volatility on exports in three different regions (Asia, Europe, and America). We are of the view that the manufacturing exports between Vietnam and its partners in different regions may be influenced by regional factors such as geographic distances, political and economic relationships, and others. This may alter the export structure and the target destination, especially for the manufacturing sector. Therefore, we separated all of the data into three subsamples based on geographical characteristics, which enabled the exploration of whether location contributes to the impact on the nexus between exchange rate volatility and manufacturing exports in Vietnam.
The structure of this paper is as follows. Following this Introduction, information on manufacturing exports and the trend of exchange rate volatility in Vietnam are briefly discussed in Section 2. Section 3 summarizes relevant theories and empirical studies related to exchange rate volatility and exports. Model specifications are presented in Section 4. Section 5 describes the data and presents the empirical results. A concluding remark follows in the remaining section of the paper.
Overview of Vietnam's Exports and Exchange Rate
This section provides some background to provide insight into how the exchange rate market in Vietnam operates, as well as the state of manufacturing exports in Vietnam during the 2000-2015 period. In Vietnam, the exchange rate market is controlled by the State Bank of Vietnam (SBV). In early 1999, it was announced that the exchange rate system would follow a managed floating regime, in which the SBV would publish a daily interbank exchange rate, the average of the exchange rate based on the previous day, and a fluctuation band. The SBV predetermines the fluctuation band for exchange rates to adjust to the market forces of demand and supply, and market participants are expected to trade within the setting band. Table 1 provides a summary of fluctuation bands specified by the SBV from 1999 to 2015. Before 2007, the setting bands of VND/USD fluctuated within a narrow range of around 1%. During the 2008 global financial crisis, the SBV allowed the band to widen to 5%, relative to the official quotation, before narrowing it down to 1% in 2011. This band was stable until late 2015, when it increased by 2%. However, according to the exchange rate regime classification by Ilzetzki et al. (2017) , Vietnam was classified as a "dual market in which parallel market data is missing" prior to 2002, but the country was set to follow a crawling peg until 2016. There was an upward trend over the timeframe considered. The total value of manufacturing exports started at around 10 billion USD in 2000, gradually increased to approximately 45 billion USD in 2008, and then had a relatively slight decrease in 2009 because of the global financial crisis. After that, the increase was even more significant during the 2009-2015 period, ending up at over 150 billion USD in 2015. A similar trend was seen in the export pattern of 26 other major countries. Regarding the exchange rates, the line graph shows an upward trend from around 14,000 VND per 1 USD in 2000 to approximately 22,000 VND per 1 USD in 2015, indicating a depreciation in VND of more than 120% over the selected period. The most striking detail is that, after the global financial crisis, the exchange rate depreciated dramatically, with a depreciation of around 30% over a period of three years. J. Risk Financial Manag. 2019, 12, x FOR PEER REVIEW 3 of 25 range of around 1%. During the 2008 global financial crisis, the SBV allowed the band to widen to 5%, relative to the official quotation, before narrowing it down to 1% in 2011. This band was stable until late 2015, when it increased by 2%. However, according to the exchange rate regime classification by Ilzetzki et al. (2017) , Vietnam was classified as a "dual market in which parallel market data is missing" prior to 2002, but the country was set to follow a crawling peg until 2016. Figure 1 presents the annual values of Vietnam's manufacturing exports, and the line depicts the trend in the VND/USD exchange rate from 2000 to 2015. There was an upward trend over the timeframe considered. The total value of manufacturing exports started at around 10 billion USD in 2000, gradually increased to approximately 45 billion USD in 2008, and then had a relatively slight decrease in 2009 because of the global financial crisis. After that, the increase was even more significant during the 2009-2015 period, ending up at over 150 billion USD in 2015. A similar trend was seen in the export pattern of 26 other major countries. Regarding the exchange rates, the line graph shows an upward trend from around 14,000 VND per 1 USD in 2000 to approximately 22,000 VND per 1 USD in 2015, indicating a depreciation in VND of more than 120% over the selected period. The most striking detail is that, after the global financial crisis, the exchange rate depreciated dramatically, with a depreciation of around 30% over a period of three years. A closer look at Vietnam's manufacturing sectors is illustrated in Figure 2 , which shows the percentage of export value from each subsector of the manufacturing sector in four different years during the period from 2000 to 2015. Importantly, these proportions changed significantly over the period surveyed. In 2000, the largest subsector contributing to overall manufacturing exports was Textiles, wearing apparel, leather, making up more than two-fifths. This was followed by Food products, beverages, and tobacco, which accounted for nearly one-third of the total of manufacturing exports. Textiles continued to account for the majority of exports until 2010. In 2015, Machinery and equipment became the most significant contributor after experiencing a considerable rise from nearly 13% in 2000 to just under two-fifths in 2015. Chemicals, rubber, plastics, and fuel products and Furniture, other manufacturing products were large contributors to the country's manufacturing exports from 2000 to A closer look at Vietnam's manufacturing sectors is illustrated in Figure 2 , which shows the percentage of export value from each subsector of the manufacturing sector in four different years during the period from 2000 to 2015. Importantly, these proportions changed significantly over the period surveyed. In 2000, the largest subsector contributing to overall manufacturing exports was Textiles, wearing apparel, leather, making up more than two-fifths. This was followed by Food products, beverages, and tobacco, which accounted for nearly one-third of the total of manufacturing exports. Textiles continued to account for the majority of exports until 2010. In 2015, Machinery and equipment became the most significant contributor after experiencing a considerable rise from nearly 13% in 2000 to just under two-fifths in 2015. Chemicals, rubber, plastics, and fuel products and Furniture, other manufacturing products were large contributors to the country's manufacturing exports from 2000 to 2010, but their share declined marginally in 2015. Other industries made up a minuscule part of the total value of manufacturing exports throughout the period of interest.
2010, but their share declined marginally in 2015. Other industries made up a minuscule part of the total value of manufacturing exports throughout the period of interest. Based on the above statistics, some observations can be summarized. First, the manufacturing sector is playing an increasingly important role in Vietnam's exports with regard to the monetary value and the share of total exports, but there has been significant variation in its structure, and it is now dominated by machinery and equipment products. Second, the VND depreciated and fluctuated over the study period, potentially generating detrimental effects on exports, especially in the manufacturing sector.
Literature Review
The exchange rate is a key factor that influences the volume and values of exports. Researchers have examined the effect of exchange rates on exports. For example, Hooy et al. (2015) investigated the effect of the Renminbi real exchange rates on ASEAN exports to China. Although the real exchange rate was found to be positively related to ASEAN exports, its effect on disaggregated levels was mixed. The depreciation of the Renminbi real exchange rate had a positive impact on the export of high-and medium-tech finished goods, as well as parts and components, but it had no effect on basic goods or low-tech, resource-based, and primary products. Recently, in a study by Atif et al. (2017) , the exchange rate was found to be a stimulating factor of agricultural exports in Pakistan.
Scholars have also assessed the impact of exchange rate changes on exports from a theoretical perspective. On the one hand, the first strand of the theory's hypothesis is that without a mechanism to mitigate exchange rate risks, volatility will cause a decline in the volume of trade. Exchange rate fluctuations will lead to greater uncertainty in transaction costs, triggering a decrease in the volume of trade (Hooper and Kohlhagen 1978) . If traders are uncertain how these fluctuations will influence the company's revenue, the volume of trade will decline (Clark 1973) . On the other hand, exchange rate volatility may have a positive effect on trade volume. Volatility can boost trade by increasing the firm's value (Sercu and Vanhulle 1992) or by increasing the probability that the trading price might exceed the trade costs (Sercu 1992) . De Grauwe (1988) argued that the worst possible outcome seems to be primarily the concern of very risk-averse agents, so they are likely to export more to prevent a drastic decrease in their revenue. It is the extent of risk aversion among agents which determines the effect of volatility. Producers exhibiting even a slight degree of risk aversion will export less as their marginal utility for export revenue declines. Some studies have concluded that the introduction of a Based on the above statistics, some observations can be summarized. First, the manufacturing sector is playing an increasingly important role in Vietnam's exports with regard to the monetary value and the share of total exports, but there has been significant variation in its structure, and it is now dominated by machinery and equipment products. Second, the VND depreciated and fluctuated over the study period, potentially generating detrimental effects on exports, especially in the manufacturing sector.
Scholars have also assessed the impact of exchange rate changes on exports from a theoretical perspective. On the one hand, the first strand of the theory's hypothesis is that without a mechanism to mitigate exchange rate risks, volatility will cause a decline in the volume of trade. Exchange rate fluctuations will lead to greater uncertainty in transaction costs, triggering a decrease in the volume of trade (Hooper and Kohlhagen 1978) . If traders are uncertain how these fluctuations will influence the company's revenue, the volume of trade will decline (Clark 1973) . On the other hand, exchange rate volatility may have a positive effect on trade volume. Volatility can boost trade by increasing the firm's value (Sercu and Vanhulle 1992) or by increasing the probability that the trading price might exceed the trade costs (Sercu 1992) . De Grauwe (1988) argued that the worst possible outcome seems to be primarily the concern of very risk-averse agents, so they are likely to export more to prevent a drastic decrease in their revenue. It is the extent of risk aversion among agents which determines the effect of volatility. Producers exhibiting even a slight degree of risk aversion will export less as their marginal utility for export revenue declines. Some studies have concluded that the introduction of a capital market would not change the impact of volatility. Viaene and Vries (1992) conceded that without hedging instruments, an increase in exchange rate risks leads to the deterioration of both exports and imports. With the appearance of a forward market, the effects of exchange rate volatility on importers and exporters are on opposite ends of the spectrum, because their roles are reversed.
Empirical studies have investigated the link between exchange rate volatility and exports using aggregated trade data. For example, Asteriou et al. (2016) examined the relationship between exchange rate volatility and trade volume of four different nations-Mexico, Indonesia, Nigeria, and Turkey-with the rest of the world. These authors adopted the autoregressive distributed lag (ARDL) bound testing method to address the long-run association and the Granger causality test to detect the short-run relationship. In the long run, there was a marginally negative association between exchange rate volatility and trade volumes in Turkey, while, in the short run, Indonesia and Mexico experienced a causal relationship between these two variables. In their study, Hsu and Chiang (2011) found a negative effect of exchange rate volatility on trade between the US and 13 of its major trading partners, and this finding was unchanged when the sample size was expanded to 30 countries.
Studies have also focused on disaggregated data at commodity or sector levels. Choudhry and Hassan (2015) reported the importance of exchange rate fluctuations for the UK's imports from Brazil, China, and South Africa using an asymmetric ARDL model. The impact of the global financial crisis on the link between volatility and imports was also taken into consideration. Thus, policymakers should be cautious when making decisions, as any policy actions or trade adjustment programs may have unpredicted outcomes if the exchange rate becomes volatile. Bahmani-Oskooee et al. (2013) investigated the impact of exchange rate volatility on the bilateral imports and exports between Brazil and the US between 1971 and 2010 for more than 100 industries. There were several interesting findings. First, a vast number of the selected industries were not affected by exchange rate fluctuations, and the positive links significantly dominated the negative effects. Second, volatility had a more significant impact on small industries, which account for a smaller share of the total export value. Third, each industry reacted differently in response to volatility: for example, agricultural exports in Brazil were found to be negatively related, while there were no recorded impacts on importing machinery products in the US. Nishimura and Hirayama (2013) provided empirical evidence of the effect of exchange rate volatility on Japan-China trade. The findings illustrate that although the exchange rate variation did not affect Japan's exports to China, it had a negative influence on the reverse direction of trade-exporting from China to Japan-during the reform stage.
Authors have also attempted to investigate the long-run and short-run relationship between exchange rate volatility and trade at industry levels between two countries based on the cointegration analysis and bound testing approach. Typical pairs of countries used in these studies include Malaysia and Thailand (Aftab et al. 2017 . These studies, taken together, support both positive and negative impacts of exchange rate volatility on commodity trade between a country and one of its partners. However, the impact may vary across the partners selected in the analysis. This suggests that the impact of exchange rate volatility on exports should be tested case by case; thus, studies on this issue are always valuable.
It is important to consider impacts at the aggregated level so that policymakers have a general enough picture of the effect of the exchange rate on exports. Nevertheless, using aggregated data can lead to aggregated bias problems: the insignificant price elasticity of one industry could overlap with that of another industry, potentially yielding an insignificant elasticity at the aggregated level (Bahmani-Oskooee et al. 2012). Investigating the issue at the disaggregated level provides more detail on the effect of volatility on exports. Without considering the disaggregated level, it is likely to be difficult for policymakers to ascertain which sectors actually suffer adverse effects of volatility. In this regard, the analysis presented in this paper included both forms of data, rather than a single source. Not only were the aggregated data of the manufacturing sector adopted in the analysis, but the disaggregated data of the manufacturing subsectors were also employed. We aim to add to the literature by investigating a case study of a small open dynamic economy. The aggregated and disaggregated outcomes are expected to supplement one another so that policymakers will have a balanced perspective on this complex effect.
An issue that lacks consistency among researchers is the measure of exchange rate volatility, as there is no universal consensus on the proxy to use in empirical studies. As such, multiple measures have been employed to represent volatility, three of which are widely adopted in empirical studies. The first is the standard deviation of the percentage change in the exchange rate (Chit 2008; Hayakawa and Kimura 2009) . The second measure of volatility is the moving average standard deviation (MASD) of the real exchange rate in logarithmic terms (Chit et al. 2010; De Vita and Abbott 2004) . The third measure is based on the conditional variance of exchange rates using the generalized autoregressive conditional heteroscedasticity (GARCH) model. While some scholars adopt just one proxy, others have used multiple alternatives as a robustness check. De Vita and Abbott (2004) compared three measures of exchange rate volatility in their study, which examined the effect of volatility on the UK's exports to 14 other European nations. The results indicate that the MASD is likely the optimal volatility measure of total exports and subsector exports from the UK to the whole group of nations studied, while a mix of different alternatives are appropriate for analyzing exports from the UK to each individual country.
Model Specifications
Following previous studies (Aristotelous 2001; Chit et al. 2010) , the model used for estimating the effects of exchange rate volatility and exports is specified as follows:
where EX m it denotes the real export value in thousands of US dollars of the manufacturing sector as well as its 10 subsectors m at time t from Vietnam to its export partners i. GDP it represents the real Gross Domestic Product (GDP) in a foreign partner country i of Vietnam, deflated by the GDP deflator. The real bilateral exchange rates (REXR it ) between Vietnam and its counterparts are measured by multiplying the relative price and the bilateral exchange rates, which are indirectly derived from US-based currency. The relative price is the ratio of the consumer price index (CPI) of export partners to the CPI of Vietnam. 1 Therefore, an increase in the value of the real exchange rate indicates a depreciation of Vietnam's currency. Finally, our variable of interest is the volatility of the bilateral exchange rate (VOL it ), measured by the GARCH model.
The first step is to check whether all variables of interest are stationary. We used three panel unit root tests, including those of IPS (Im et al. 2003) , Maddala and Wu (1999) , and Choi (2001) . Unlike other types of panel stationary tests, these tests allow data to be unbalanced. Next, the long-run relationship among these variables was checked using the cointegration tests introduced by Pedroni (1999 Pedroni ( , 2001 , together with long-run estimations based on Panel Dynamic Ordinary Least Squares (DOLS). We used DOLS because it is asymptotically unbiased, normally distributed, and controls for the problem of endogeneity. Finally, to investigate the influence of the exchange rate on the growth of exports during the surveyed period, the equation was transformed in terms of an error correction model (ECM): 1 We would like to thank an anonymous referee for his/her suggestion to use the real bilateral exchange rate. Many of the countries in the sample had varying inflation rates relative to Vietnam.
where ∆ represents the difference between variables after taking their logarithm. EC it−1 is a lagged error term that is derived by estimating Equation (1). It is expected that becoming a member of the World Trade Organization (WTO) and the global financial crisis are events that had clear effects on export performance in Vietnam, and they were taken into consideration as well. asserted that the WTO accession was the turning point in Vietnam's trade policy, thus potentially impacting its export performance. The author used Chow breaking tests to detect either a structural change and or regime change between the manufacturing and non-manufacturing sectors. The results reveal that, according to the model, there was a structural change beginning in 2007. In this sense, we employed the dummy variable D WTO , which is given a value of 1 as of 2007, when Vietnam officially entered the WTO. Another dummy D Crisis was assigned the same unit for 2009, the year of the global financial crisis. Thus, the following equation was used for the estimation:
Annual data over the 2000-2015 period were used in this study. The real foreign GDP, deflated by the GDP deflator, originated from World Bank Indicators, while the values of exports were from Organization and Economic Co-operation and Development (OECD) statistics. Although the Standard Industrial Classification (SIC) Codes classify the manufacturing sector into 22 subsectors, the OECD classification groups them into 10 major ones. As such, we tend to use these 10 subsectors of manufacturing exports because of the data collection. Also, some sectors do not engage in exporting in Vietnam, so using 10 subsectors reduces the problem of missing data. The bilateral exchange rate and the consumer price index (CPI) were taken from International Financial Statistics (IFS). It should be noted that the GARCH model requires high-frequency data to ensure accuracy. Thus, we adopted the monthly bilateral exchange rate to estimate the volatility. To convert monthly volatility to annual data, we averaged the volatility of the relevant year. Table 2 summarizes all of the data in the study. To analyze the impact of geographical characteristics on the link between exchange rate volatility and export performance of the manufacturing sector and its 10 subsectors, we not only used the whole sample for the estimation, but also applied all of the above steps to three different regions (Asia, Europe, and America).
As previously discussed, there are diverse volatility measures used in empirical studies. However, in this study, for a particular nation, we applied the General Autoregressive Conditional Heteroscedasticity (GARCH) model to measure exchange rate volatility. The GARCH model includes two equations: (i) the mean equation and (ii) the conditional variance equation. With the condition that the log difference of an exchange rate series follows the random walk model, the GARCH model is suitable for the measurement of volatility. For GARCH(1,1) , the two equations were constructed as follows:
The conditional variance equation of GARCH(1,1) consists of a constant β 0 , an ARCH term µ i 2 t−1 and a GARCH term h i t−1 . We utilize the monthly data into the GARCH model and the monthly volatility of exchange rates is the conditional variance.
It is vitally important to adopt the appropriate GARCH model for estimating exchange rate volatility. Nishimura and Hirayama (2013) propose three steps in estimating GARCH-based volatility. The procedure begins with checking the appearance of ARCH effects by using ARCH-LM heteroscedasticity test, and then selecting the length of the optimal lag using Akaike information criterion (AIC) in the mean equation. Next, the second is to estimate the mean and variance equation simultaneously, then determining the appropriate model of ARCH and GARCH terms with the minimum value of Schwarz's Bayesian Information Criterion (SIC). Finally, the Ljung-Box tests are performed on the standardized residuals and standardized residuals squared. The optimal model is determined if these Ljung-Box tests can reject the null hypothesis of no autocorrelation. Although a few studies have attempted to use various lag lengths in the GARCH model (Asteriou et al. 2016) , empirical evidence has confirmed that the GARCH(1,1) model is the most appropriate measure of exchange rate volatility (Chit et al. 2010; Erdem et al. 2010) . In a recent investigation by Vieira and MacDonald (2016) , the use of GARCH(1,1) appeared to predominate among various types of ARCH models for measuring volatility, as it was found in up to 75 out of 106 ARCH series. In addition, Hansen and Lunde (2005) asserted that the GARCH(1,1) model was superior to other complicated GARCH models when they took 330 ARCH-type specifications into consideration. In this sense, the GARCH(1,1) was utilized for the volatility measurement.
Empirical Results

Volatility Measurement
We first calculated the GARCH-based volatility for the exchange rate in terms of the monthly data and then converted it to annual data. The results and diagnostic tests for estimated the GARCH model are presented in Table A3 in the Appendix. Figure 3 depicts, on average, the yearly volatility of the bilateral exchange rate between Vietnam and 26 of its export partners in three different regions. The volatility fluctuates within a range of around 8%, the only exception being Italy. The magnitude of the fluctuation tends to be higher during the global crisis. 
Effects of Exchange Rate Volatility on Exports
This section presents the estimation results pertaining to the effects of exchange rate volatility on manufacturing exports for the whole sample and in three regions-Asia, Europe, and America. We first show the result for the manufacturing sector, followed by its 10 subsectors. 
This section presents the estimation results pertaining to the effects of exchange rate volatility on manufacturing exports for the whole sample and in three regions-Asia, Europe, and America. We first show the result for the manufacturing sector, followed by its 10 subsectors.
Regarding the manufacturing sector, Tables 3 and 4 show the results of three kinds of panel unit root tests-IPS (Im et al. 2003) , Maddala and Wu (1999) , and Choi (2001)-for the whole sample and in three regions, respectively. At the manufacturing sector level, strong evidence of unit roots is found for the foreign GDP and real bilateral exchange rate, while, for the difference, the hypothesis that unit roots are present is strongly rejected. The variable for GARCH-based volatility is stationary for the whole sample and for Asia and America, but it contains unit roots in Europe. A similar pattern is found for manufacturing exports. Thus, the variables of interest are a mixed integration of I(0) and I(1). The cointegration tests introduced by Pedroni (1999 Pedroni ( , 2001 were performed to determine the long-run relationship between manufacturing exports and the other variables of interest. Table 5 displays the results for the whole sample and the three regions. Three statistics-group augmented Dickey-Fuller (ADF) test, panel ADF test, and group rho test-strongly support the hypothesis of cointegration. It is worth noting that the group small t-test and the group ADF test have a more powerful feature compared with other types of panel statistics, while the panel variance test and group rho test seem to perform poorly. Thus, based on this feature, we conclude that there is a long-run association among the given variables. An exception is the case for countries in the American region, as none of the calculated statistics are significant. Next, we performed the long-run estimation among the relevant variables using the panel DOLS estimation in light of the confirmation by cointegration tests. Table 6 presents the estimation result for the whole sample and in three regions-Asia, Europe, and America. Overall, the foreign income is found to be positively related to Vietnam's exports for the whole sample and in Asia and Europe, as the estimated coefficients are significant at a level of at least 10%. The positive sign illustrates that an increase in income among Vietnam' trading partners enhances the exporting performance of manufactured goods for the country. This is consistent with the trade theory that a higher income in foreign nations will lead to an increase in domestic good demands. Also, Hooy et al. (2015) asserted that Vietnam has been deeply engaged in supply chain production due to the rise of China, enhancing both economic growth and exports. According to the results of the present study, the depreciation of the Vietnam Dong is not expected to cause an adverse impact on manufacturing exports in the long run. The effect is found to be negative, although insignificant, for the three regions. Exchange rate volatility has strong reverse effects on manufacturing exports, not only for the whole sample but also in America. We also examined the short-run relationship on the basis of the ECM model using Equation (3). The results are shown in Table 7 , which paint a completely different picture of the effect of exchange rate volatility on manufacturing exports in Vietnam. The coefficients of the lagged error correction terms are negative and significant, supporting the long-run cointegration tests above. The foreign GDP and the bilateral real exchange rate have a positive association in the estimation for the whole sample and Asia. Europe has a positive significant coefficient for foreign income. The volatility of the exchange rate, on average, has no impact on exports in general in Asia, Europe, and America. The dummy variable representing the participation in the WTO is significant only for the case of Asia, implying that Vietnam gained a significant benefit in exporting goods to Asian countries. The global financial crisis is expected to be harmful, to some extent, to exports. The evidence of negative effects of volatility is weak, suggesting that it can be mostly insured against at low cost. Meanwhile, the price mechanism works via the real exchange rate to ensure that export supply equals demand. These findings imply that the manufacturing exports in Vietnam rely heavily on the partner's income and largely benefit from the depreciation of the Vietnam Dong. When it comes to manufacturing exports at disaggregated levels, we applied the same econometrics procedures to all 10 subsectors for the whole sample and for the three regions. Before the panel DOLS and the panel OLS estimations were run, unit root tests for stationarity and panel cointegration tests were conducted. 2 The long-run effects of exchange rate volatility on each subsector for the whole sample and in the three regions are depicted in Tables 8 and 9, respectively. Based on all of the data in Table 8 , 8 out of 10 manufacturing subsectors suffered adverse effects due to exchange rate volatility. The coefficients of two subsectors, namely, textiles, wearing apparel, leather, and related products and chemicals, rubber, plastics, and fuel products, are statistically insignificant although negative. The effect of the bilateral real exchange rate is also found to be negative in five subsectors in the long run. Thus, a depreciation policy in Vietnam would lead to a decline in export value in the long term as it generates volatility in the exchange rate.
When the geographical factor is taken into consideration, we observe a completely different picture of the relationship between exchange rate devaluation, exchange rate volatility, and export performance at the subsector level. As can be seen from Table 9 , exchange rate volatility has almost no effect on exports in Asia and Europe, but America has five subsectors that are negatively related to the exchange rate volatility. 3 It is only the subsector of non-metallic mineral products in the American region that enjoys a favorable gain from exchange rate depreciation without being influenced by the exchange rate fluctuation.
Using Equation (3), the short-run effects of exchange rate volatility on export performance at disaggregated levels were regressed and are provided in the next four tables with the application of panel estimation. Table 10 presents the result for the whole sample. The bilateral real exchange rate has a favorable impact on exports in such subsectors as (i) textiles, wearing apparel, leather, and related products and (ii) furniture and other manufacturing products. This implies that depreciation boosts exports in the short run rather than in the long run in some subsectors. Similarly, exchange rate volatility is found to be positively associated with exports for the subsector of transport equipment. Exporters in this subsector may pursue a strategy of exporting more in order to maintain its trading value, as hypothesized by De Grauwe (1988) . The subsector of chemicals, rubber, plastics, and fuel products is found to be quite sensitive to exchange rate volatility in the short run, given that its estimated coefficient is positive in the current period but becomes negative in the first lag. We find no statistically significant effect of exchange rate depreciation and volatility on export values for the eight remaining subsectors.
A significantly different pattern is seen in Asia, Europe, and America, as indicated in Tables 11-13 , respectively. The short-run effects of exchange rate volatility vary considerably across the subsectors, as well as in the given regions. Asia has three subsectors that are positively associated with exchange rate volatility, together with one that reacts negatively. In Europe, the number of subsectors experiencing favorable and harmful effects is three and two, respectively. In America, 3 out of 10 subsectors are found to be positively related to exchange rate fluctuations. Interesting to note is that the export performance in the subsector of Transport equipment is observed to benefit from the exchange rate fluctuations, as its estimated coefficients are statistically positive in all three regions. There is an increase in the export performance of textiles, wearing apparel, leather, and related products to countries in Europe and America when the exchange rate is volatile. The Paper and printing subsector is negatively related to the exchange rate fluctuations in Asia but positively associated in Europe. Other subsectors, such as (i) wood and products of wood and cork, (ii) Chemicals, rubber, plastics, and fuel products, (iii) Non-metallic mineral products, and (iv) Furniture and other manufacturing products are influenced by exchange rate volatility, either positively or negatively.
In the short run, the impact of the bilateral exchange rate on the export performance at disaggregated levels is considerably different across the regions. When the real bilateral exchange devaluates, it raises Vietnam's export value in three subsectors-textiles, wearing apparel, leather, and related products; wood and products of wood and cork; and paper and printing-to countries in Europe and America, and it has no effect on the remaining subsectors. In Europe, the estimated results indicate that two subsectors are positively influenced by exchange rate fluctuations, another two react negatively, and results for the rest of the subsectors are inconclusive. All results prove that the impact of the exchange rate on exports at the manufacturing disaggregated level depends on two factors: (i) the type of export and (ii) the exporting destination.
3 Table A4 presented in indicates the percent change in exports for the manufacturing subsectors resulting from a 1% increase in exchange rate volatility. "Ln" represents variables defined in terms of logarithm. ex1-Food products, beverages and tobacco; ex2-Textiles, wearing apparel, leather and related products; ex3-Wood and products of wood and cork; ex4-Paper and printing; ex5-Chemicals, rubber, plastics and fuel products; ex6-Non-metallic mineral products; ex7-Basic metals and fabricated metal products; ex8-Machinery and equipment; ex9-Transport equipment; ex10-Furniture and other manufacturing. Standard errors are numbers in the parentheses. *, **, and *** indicate the 10%, 5% and 1% significance level, respectively. "Ln" represents variables defined in terms of logarithm. ex1-Food products, beverages and tobacco; ex2-Textiles, wearing apparel, leather and related products; ex3-Wood and products of wood and cork; ex4-Paper and printing; ex5-Chemicals, rubber, plastics and fuel products; ex6-Non-metallic mineral products; ex7-Basic metals and fabricated metal products; ex8-Machinery and equipment; ex9-Transport equipment; ex10-Furniture and other manufacturing. Standard errors are numbers in the parentheses. *, **, and *** indicate the 10%, 5% and 1% significance level, respectively. 
Concluding Remarks
Intensive debates have taken place on the impact of currency depreciation on Vietnam's export performance in recent years. Many may support this strategy because it is argued that doing so will enhance export performance, whereas others assert that the policy could lead to exchange rate volatility, which, in turn, is harmful to exports. This study was conducted to shed light on the link between exchange rate volatility and exports between Vietnam and 26 of its key export partners for the 2001-2015 period using data from the disaggregated level for both the manufacturing sector and its 10 subsectors.
Key findings from this empirical study are as follows. First, with regard to the manufacturing sector, the strategy of devaluing the VND provides a positive impact on Vietnam's manufacturing exports in the short run, but it creates exchange rate volatility, causing a decline in export value in the long run. In the short run, this strategy is beneficial only for the exports to Asian countries, while there is no supporting evidence for a clear short-run effect for all three regions-Asia, Europe, and America. Exchange rate volatility is, on average, harmful in the long run, especially when the exporting destination is a European country. Interestingly, no influence on export performance is shown in the short run for either the whole sample or the three subsamples. Second, Vietnam's manufacturing exports benefit from an increase in foreign income, as well as its participation in the WTO, to some extent. Meanwhile, the global financial crisis hindered the export value of the manufacturing sectors in Vietnam, as expected. Third, with regard to 10 specific subsectors in Vietnam, exchange rate volatility has negative effects on export performance for most of them in the long run, whereas mixed evidence is found for some in the short run.
On balance, the findings from this study confirm that, in the context of Vietnam, the level of the bilateral real exchange rate between the VND and other currencies is far more important than currency volatility for enhancing export performance for Vietnam in the short run. Thus, Vietnam's authorities could take advantage of depreciation to enhance exports, thus balancing the current net trade. Yet, intervention involving the exchange rate market should be conducted with caution, as it causes fluctuations in exchange rates, resulting in poor export performance in the long run. Also, it should be noted that at disaggregated levels, exchange rate volatility seems to cause more harm to exporters to the American region than to Asian and European partners, especially in some specific subsectors. Thus, it is suggested that exporters to American markets in these sectors use hedging instruments in the derivatives market to maintain their targeted export value and profitability.
There are some shortcomings in the current study. First, it is possible that exchange rate devaluation, volatility, and export performance have a reversed causal relationship with one another. When there are problems with exports, the exchange rate reacts more severely with greater depreciation, thus making exchange rates more volatile. Second, the effect of increases and decreases in exchange rate volatility on exports may be considerably different, raising the asymmetric effect. Nishimura and Hirayama (2013) find an asymmetric effect of the level of exchange rate and the volatility have different effects on bilateral exports between China and Japan. Thus, it would be worth taking those issues into consideration in future research using higher-frequency data, especially for a small open dynamic country like Vietnam. The country has targeted its exports as an important factor in boosting economic growth and is becoming increasingly integrated into the region and the world. The mean equation: e i t = α 0 + α 1 e i t−1 + µ i t and the variance equation: VOL GARCH = h i t = β 0 + β 1 µ i 2 t−1 + β 2 h i t−1 . LM ARCH 20 is the Lagrange multiplier test statistic for the null hypothesis that there is no ARCH effect up to order 20. Q 20 and Q 2 20 are the Ljung-Box statistics with lag 20 for standardized residuals and standardized residuals squared, respectively. Standard errors are numbers in the parentheses. *, **, and *** indicate the 10%, 5% and 1% significance level, respectively. 
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